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Effects of Di-nitrogen Schiff Base Ligands on Olefin Epoxidation
Catalyzed by Methyltrioxorhenium

GAO Yu, ZHANG Yuecheng, ZHAO Jiquan®
School of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China

Abstract: The di-nitrogen Schiff base ligands were synthesized by the condensation of 4-methylaniline with 2-pyridinecarboxaldehyde,
6-methyl-2-pyridinecarboxaldehyde, or 6-isopropyl-2-pyridinecarboxaldehyde, respectively. The Schiff base ligands were used as the addi-
tives for the epoxidation of three olefins, cyclohexene, styrene, and 1-octene, catalyzed by methyltrioxorhenium (MTO) with 30% H,0, as
oxidant. The effects of the solvent, reaction temperature, and structure of the Schiff base ligands on the epoxidation were investigated.
Methanol was the best solvent for the catalytic system made up of above Schiff base ligands and MTO. The addition of the Schiff base
ligands increased the epoxide selectivity remarkably. Both the conversion of cyclohexene and the selectivity of epoxide could reach up to
100% when the reaction was run at —10 °C for 12 h in methanol. The strong coordination capacity of the Schiff base is in favor of the aug-
mentation of the selectivity for epoxide in the reaction. For these Schiff base ligands, the coordination capacity was determined by the elec-
tronic and steric properties of the substitute at 6-position in the pyridine ring. The alkyl group with small steric effect and strong electron
donation could increase the coordination capacity, which increased the selectivity for the epoxidation reaction.
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Schiff base I: R = H; Schiff base II: R = Me; Schiff base III: R = iso-Pr
Reaction conditions: 4-methylaniline 0.02 mol, aldehyde 0.02 mol,
methanol 40 ml, 64 °C.
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Synthetic route of the di-nitrogen Schiff bases.
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Table 1 The epoxidation of cyclohexene catalyzed by MTO/Schiff
base II in different solvents

Solvent Time (h) Conversion (%) Selectivity (%)
CsHsCH; 4.0 3 >99
CH.Cl, 4.0 4 >99
CH;COCH; 4.0 20 >99
CH;0H 35 >99 62

Reaction conditions: cyclohexene 5 mmol, 30% H,O, 10 mmol, me-
thyltrioxorhenium 0.05 mmol, Schiff base II 0.05 mmol, solvent 7 ml,
temperature 15 °C.
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Scheme 2.

Epoxidation of different olefins catalyzed by MTO/Schiff base. MTO: methyltrioxorhenium.
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Table 2 The epoxidation of cyclohexene catalyzed by MTO/ Schiff
base II at different reaction temperatures
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Temperature Time Conversion Selectivity
49 () (0) (%)
-10 12.0 >99 >99

0 8.5 >99 94
15 35 >99 62
25 2.5 >99 34

Reaction conditions: cyclohexene 5 mmol, 30% H,O, 10 mmol, me-
thyltrioxorhenium 0.05 mmol, Schiff base II 0.05 mmol, methanol 7

ml.
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Table 3 Epoxidation of olefins catalyzed by different MTO/Schiff base systems

Substrate Time (h) Conversion (%) Selectivity (%)

— | 11 111 — 1 11 111
Cyclohexene 1.5 96 80 77 73 48 72 92 87
Styrene 4.0 73 54 50 47 8 31 59 56
1-Octene 12.0 70 62 56 53 75 93 96 95

Reaction conditions: substrate 5 mmol, 30% H,0, 10 mmol, methyltrioxorhenium 0.05 mmol, Schiff base 0.05 mmol, methanol 7 ml, temperature 15

°C, time 1.5 h.
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Scheme 3. Coordination of di-nitrogen Schiff base with methyltri-

oxorhenium.
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Fig. 1. Effect of Schiff base Il on the epoxidation of cyclohexene
catalyzed by MTO. Reaction conditions: cyclohexene 5 mmol, 30%
H,0, 10 mmol, methyltrioxorhenium 0.05 mmol, methanol 7 ml, tem-
perature 15 °C. (1) Without Schiff base; (2) Schiff base II.
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